INTRODUCTION

MANY small, insectivorous birds, such as
Australian robins and treecreepers, are declining in the eucalypt woodlands of southern Australia (Watson et al. 2003; Ford 2011; Watson 2011) . Although the overall cause is the loss, fragmentation, and degradation of these woodlands, the ecological processes responsible are poorly understood. One potential cause is that their dispersal is inhibited through an inhospitable matrix between remnants of woodland. Species may go extinct in remnants through events, such as fire or drought (e.g., Reed 2004 ), or simply through chance when populations are small. A lack of immigrants reduces the chances of a small population being rescued or of a remnant being recolonized after extinction.
Support for the "inhibited dispersal" hypothesis has mostly been indirect; for instance, the finding that individual species are less likely to occupy more isolated sites (e.g., Watson et al. 2005) . Recent studies have focussed more on the dispersal process. Several bird species in eucalypt woodland appear reluctant to cross gaps between trees, with a threshold of 60-80 m for treecreepers, robins and fairy-wrens (Brooker and Brooker 2002; Robertson and Radford 2009) , and rather more for babblers and shrikethrushes (Cale 2003a,b; Robertson and Radford 2009 ). Doerr et al. (2011) found that treecreepers, honeyeaters and Eastern Yellow Robins Eopsaltria australis make exploratory forays across gaps of up to ~200 m, but mostly (84%) of <100 m. Treecreepers and other species make exploratory forays through a wooded landscape of up to ~2 km from their natal territory, suggesting a threshold beyond which dispersal is unlikely even in wellconnected landscapes.
Several alternative hypotheses may give the appearance of inhibited dispersal. Firstly, there may simply be too few potential dispersers, owing to low productivity, for instance via high levels of nest predation. Secondly, dispersing birds may suffer a high risk of predation, either because predators are more common in degraded landscapes or because dispersers are unfamiliar with the location of predators and safe refuges. Finally, dispersers may reach other remnants but reject them because their habitat is of poor quality; for instance, they lack suitable nest sites (Doerr et al. 2011) .
It may be hard to disentangle the relative importance of these alternative hypotheses. Cooper and Walters (2002) provided evidence that Brown Treecreepers Climacteris picumnus are disappearing from remnants in northern New South Wales, because females fail to disperse to isolated remnants. They translocated female treecreepers to remnants that only had males. Many females stayed and some bred successfully, contrary to what would be predicted by the hypotheses on predation and poor habitat quality. Ten years later, Ford et al. (2009) found that all isolated Brown Treecreeper populations had gone extinct. They also found that Hooded Robins Melanodryas cucullata were disappearing from remnants in the same area. However, they suggested that low reproductive success (fledglings were produced from only ~20% of nests), leading to lack of dispersers, was why remnants were not rescued or recolonized.
Eastern Yellow Robins (hereafter Yellow Robins) are 20 g declining, ground-foraging woodland birds that have gone from some remnants (e.g., Higgins and Peter 2002; this study) . Their presence at a site may be correlated with habitat quality, as found in Western Yellow Robins E. griseogularis (Cousin 2004a (Cousin ,b, 2009 , with their breeding productivity also related to habitat quality (Debus 2006a) and to food abundance . We are unaware of other published reports of translocations of robins within Australia, and there have been few attempts with other woodland birds (Sheean et al. 2011 region on breeding productivity also allows us to evaluate the hypothesis that there are too few dispersers (Zanette 2000; Debus 2006b ).
We translocated robins to sites from which they had disappeared recently on the Northern Tablelands of New South Wales. We radiotracked robins for up to several weeks after their release to see if they survived and stayed or moved from the release site. We subsequently followed longer-term survival in remnants where they stayed, and monitored breeding attempts. We also compared the habitat in translocation sites where Yellow Robins stayed with those from which they died or disappeared soon after release. Incidentally, we observed natural dispersal of Yellow Robins between remnants. Debus (2006b) previously measured breeding success, productivity, and adult survival in one large remnant in the study area.
METHODS
Study area
The study area was within a 15 km radius of Armidale on the Northern Tablelands of New South Wales (Fig 1) , and is mostly cleared, with 10% of the original woodland surviving, and heavily grazed. It is a classic variegated landscape, with large areas of thinned woodland that lacks understorey, pasture with scattered trees, and open treeless areas. Hence, the matrix between remnants varies in its hospitability to dispersing woodland birds. Habitat details are provided elsewhere (Debus 2006a,b) (Howe 1984) . They are also common in woodland and forest ~30 km west of Armidale (Oliver et al. 1999) (Table 1) .
Most of the Yellow Robins at Imbota were colour-banded between spring 2000 and summer 2002-03, as part of a study by Debus (2006b) . There is also a substantial, colour-banded breeding population in Armidale State Forest, a Pinus radiata plantation (Debus et al. 2004) , which was a source of most translocated robins. Banding, and searches of other patches, allowed the possibility of detection of dispersers to other nearby remnants.
Translocations
Initially, all potential release sites were checked for the prior presence of Yellow Robins, and found to be vacant. Pre-release, no Yellow Robins were found in four days of searching in Yina in 2001. A similar effort at Imbota found eight Yellow Robins. All later release sites were surveyed, pre-release, at a similar intensity to Yina, but in addition playback of Yellow Robin calls was used to aid in the detection of any occupying robins (piping and "chop chop" calls).
All Yellow Robins were captured in mist-nets, colour-banded, and transported to their release site in small covered box-cages with water and a few mealworms. In 2001-02 we avoided translocating first-year robins, which retain some brown juvenile feathers on the wing coverts. The nine robins released at Yina were observed for an hour after release, and were searched for daily over the first month and less frequently thereafter. Playback was sometimes used if we could not detect the birds. In spring 2001 and 2002, the survey effort was increased in an attempt to find nests and subsequently monitor (Doerr and Doerr 2002) . Translocated robins were tracked using a handheld Yagi antenna and Telonics or Regal receiver every 1-2 days until the transmitter failed. Searches were curtailed if the bird was found dead, or a detached transmitter was found. If we did not find birds for up to 4 months (using searches and call-playback), we assumed that they had died or left the site.
Habitat attributes were measured at each 2005-06 release site: density of trees, saplings, shrubs, fallen timber, and logs in a 1 ha plot at each release site, the same as Debus (2006c) measured in Imbota and Yina in 2001-02.
RESULTS
2001-2002 Yina releases
All robins moved away from the release site (>200 m) within a few days, and all but two soon settled in Yina or adjoining woodland. One Yellow Robin translocated to Yina in 2001 was not seen again, and one disappeared within 2 weeks. The other five birds and both robins released in 2002 survived for several months; five out of nine survived for at least one year (56% annual survival) and four (80%) of these survived for at least another year (Table 2) The shortest distance between Imbota and Yina is 7 km, although with substantial gaps in native vegetation. A less direct, but longer, route could pass through several small remnants, corridors and paddocks with scattered trees (Fig.  1) . No other immigrants were observed at Yina, despite the fact that the Pine Forest, where many robins were colour-banded, was only 3 km away. However, much of the intervening matrix was cleared land. At least one, and possibly two, unbanded immigrants arrived at Imbota in 2002. The nearest known population of Yellow Robins was 6 km to the south (Fig. 1) . Yellow Robins are occasionally seen within Armidale and at the University of New England, from 1.5 to 7 km from known breeding populations (SJD, HAF pers. obs., S. Green, pers. comm.). A pair of Yellow Robins colonized a rural block of 2 ha of 20-year-old regrowth woodland, surrounded by mostly cleared land and sparse woodland, 2 km from the nearest known breeding population (P. Metcalfe, pers. comm.).
2005-2006 releases
One of the nine robins released in 2005 was killed by a predator on its first day after release. Two more disappeared and their transmitters were found 3 and 9 days after release, with some bloodied feathers attached, indicating predation. The surviving six birds stayed near the release site for periods of at least 9 to 52 days before disappearing. Three of these moved to other nearby patches (Table 2) . Two males moved to sites ~1 km from their release site, after 9-10 days, when one was lost (as it moved deeper into woodland on private land), and the other remained for a further 30+ days (or ~40 days in total) (Fig. 2) . After 35 days, one female moved 3 km to another site after her translocated mate disappeared and joined a translocated male whose female had been taken by a predator (Fig. 3) . Both disappeared from this site 17 days later (or 51 and 52 days postrelease). The remaining bird was last seen, at its release site, 35 days after release. All patches between which robins moved were connected by corridors.
Four of the six robins released in 2006 were killed by predators on release (Yina, by a Grey Butcherbird Cracticus torquatus) or within 2 days after release (three birds, one by a Grey Butcherbird). One surviving male stayed at its release site for 1 month, when its transmitter failed. The second surviving male was tracked for 38 days up to 1 km from its release site through sparsely treed paddocks, crossing gaps of up to 100 m, until its transmitter failed (Fig. 2) .
Overall, at least seven of 15 (47%) robins translocated in 2005-06, including one to Yina, were killed by predators within a few days of their release. Four moved locally, up to 3 km from their release site, though remnant vegetation, and the remaining four stayed at their release site for up to 52 days, before disappearing. None of the birds was detected anywhere after this time. In particular, no Yellow Robins were seen at the release sites (or back at their pine forest capture-site) during the following breeding season.
Habitat
The habitat at Yina has been described previously (Debus 2006a) . It had similar densities of trees, saplings, wattles (Acacia spp.), and standing dead wood to Yellow Robin breeding territories at Imbota (described by Debus 2006a), but had fewer non-acacia shrubs and twice as many logs. At Imbota, successful nests had more surrounding rough-barked saplings and shrubs than unsuccessful nests. Hence, Yina provided at least some habitat that was suitable for robins, and nest microhabitat (Table 3) was also similar to that at Imbota. The release sites in 2005 and 2006 (Table 4) had similar tree and sapling densities to Yina and Imbota, but had marginally fewer shrubs (D = 0.556, n = 9, 19, P = 0.05-0.10, KolmogorovSmirnov test).
DISCUSSION
There was a major difference between the fortunes of the nine birds released in 2001-02, and the 15 birds released in 2005-06. The translocation of Yellow Robins to Yina can be regarded as a success, with seven birds surviving for several months and five for over one year.
A small population was established at this site, which produced at least six fledglings. In contrast, all of the birds released to other sites in 2005-06 disappeared from their release sites within two months, and no Yellow Robins were seen again at these sites.
The success of the Yina translocation gives some support to the inhibited-dispersal hypothesis, because the birds mostly escaped predation, and long-term survival and breeding success indicate that the habitat is suitable for Yellow Robins. However, two Yellow Robins reached Yina unaided from Imbota 7 km away, and one returned to Imbota. Other immigrants arrived at Imbota from an unknown source, at least 6 km away. Also, several of the released birds moved to other remnants up to 3 km away along corridors or across treed paddocks, with up to 100 m between paddock trees. These facts suggest that Yellow Robins can indeed disperse through the matrix in our study area. Hence, the inhibited-dispersal hypothesis seems an inadequate explanation for the lack of Yellow 200 PACIFIC CONSERVATION BIOLOGY Robins at our study sites before translocation. However, we stress that this result only applies to our study area, it would be unwise to generalize this finding to sites where remnants are surrounded by more inhospitable matrices. Doerr et al. (2011) found that a range of woodland birds, including Yellow Robins, disperse among remnants through corridors and across paddocks with scattered trees, with gaps of no more than 100 m. Also, North Island Robins Petroica longipes in New Zealand cross gaps of up to 110 m (Richard and Armstrong 2010a) . Hence, dispersal may be a problem for robins in landscapes where gaps between trees are much greater than 100 m; we note the caveat of Richard and Armstrong (2010b) regarding patch isolation (i.e., that functional indices of isolation need to be incorporated into presence-absence models in fragmented landscapes).
Zanette (2000) and Debus (2006b) found that Yellow Robins in many remnants in the region produce too few independent young to replace adult mortality. The main cause is predation of eggs and nestlings by birds, especially Pied Currawongs Strepera graculina. Hence, there are likely to be few potential dispersers, supporting the "lack of dispersers" hypothesis. The modest productivity of the Yina birds, probably only two independent young over five years, suggests that the population's survival is precarious, and clearly is not adding many potential dispersers to the metapopulation. However, the arrival at Yina of two females reared at Imbota, and of other birds at Imbota, shows that there are some dispersers.
At least seven out of 15 Yellow Robins translocated in 2005 and 2006 were killed by predators, though none of the nine birds was known to be taken by predators at the earlier release at Yina. Although we acknowledge that birds willingly undergoing dispersal may be less susceptible to predators than forcibly translocated birds, our data provide some support for the "risks of dispersal" hypothesis. This risk appeared greater at the smaller sites than at Yina, possibly related to better cover being provided at Yina. Brooker and Brooker (2002) found that Blue-breasted Fairy-wrens Malurus pulcherrimus dispersing between remnants suffered higher mortality than those dispersing within remnants.
The sites used for the later releases may have been inferior to Yina. Yina was larger (140 ha including adjoining woodland) than all the other sites, which were 15-55 ha. Although all release sites were larger than Yellow Robin breeding territories (5-6 ha at Imbota: Debus 2006b), they are below the suggested threshold of ~73 ha occupied by the species in agricultural landscapes (Watson et al. 2005) . However, many of our release sites previously had Yellow Robins, and two of Zanette's sites were 55 ha. Larger sites would be more likely to have some suitable habitat, and presumably would be less prone to random extinctions through mortality and/or low productivity. Our data on habitat are too limited to test the poor-habitat hypothesis, though they suggest that Yellow Robin territories in Yina were in similar habitat to that used in Imbota, whereas habitat may have been inferior in the later release sites. Debus (2006a) found that successful Yellow Robin nests at Imbota had more wattles and other shrubs surrounding them than did unsuccessful nests.
In conclusion, Yellow Robins are able and willing to move among vegetation remnants in our study area. There may be few potential dispersers produced in the landscape, but there are at least some. Dispersal, and arrival in new sites, probably subjects Yellow Robins to a high risk of predation. It is likely that habitat, especially high shrub density, may increase the production of dispersers, their safe passage through the matrix, and the likelihood of them staying at new sites. We recommend that future studies on translocation of robins are designed in a way to test the alternative hypotheses that could explain their lack from remnants. In particular, they should quantify habitat at release sites, including the ground layer, which is important for robin foraging but not assessed by us (e.g., see Recher et al. 2002; Cousin 2004a; Antos et al. 2008) . We also suggest that playback of robin songs may increase the likelihood of robins remaining at release sites, as used by Bradley et al. (2011) .
On the basis of follow-up surveys, removal of Yellow Robins from sites (Gwydir Park and Pine Forest) does not appear to have had a detrimental impact on populations, as breeding robins have remained common there. Following Sheean et al. (2011) , we estimate the cost of the Yina translocations, which led to an established population, as $A2600 plus 80 hours of volunteer labour; the cost of the 2005-06 translocations and radio-tracking, as a funded project, was ~$A86 000. However, we reiterate that the aim of our study was to evaluate alternative hypotheses rather than to re-establish Yellow Robins.
IMPLICATIONS FOR MANAGEMENT
Our results indicate that in the landscape around Armidale there may currently be enough connection among remnants for Yellow Robins to disperse. However, scattered trees in paddocks suffer attrition and need replacing. Replanting or regeneration should focus on areas where there are existing gaps among trees of greater than 100 m, or where loss of paddock trees will
